The aim of this study was to examine the relationship between menses-associated health problems of women, such as premenstrual symptoms, menstrual pain and irregular menstrual cycles, and psychosocial stress. A crosssectional study was conducted among Japanese college students, measuring psychosocial stress levels by means of IMPS (The Inventory to Measure Psychosocial Stress). A total of 264 female students (mean age 19.4 years), who were invited to participate in the study in October 2007, completed the questionnaire, which dealt with anthropometric data, lifestyle, menstrual history, and menstrual health status. Fortythree students were excluded due to missing data, and the remaining 221 were analyzed. The proportions of students who reported premenstrual symptoms, menstrual pain, and the experience of irregular menstrual cycles were 79%, 79%, and 63%, respectively. Students who reported premenstrual symptoms, menstrual pain, and the experience of irregular menstrual cycles had higher stress scores than those who did not. Multiple logistic regression analyses were used to identify independent factors associated with having premenstrual symptoms, menstrual pain, and the experience of irregular menstrual cycles. Stress score, heavy menstrual flow, and menstrual pain were significant predictors for premenstrual symptoms, while age at menarche and having premenstrual symptoms were significant predictors for menstrual pain. Both stress score and body mass index were found to be significant predictors for having experienced irregular menstrual cycles. The results suggest that psychosocial stress is independently associated with premenstrual symptoms and the experience of irregular menstrual cycles among college students, implying that changes in the functional potentiality of women as a result of stress are related with changes in their menstrual function.
Introduction
Numerous studies have indicated that a considerable portion of women of reproductive age suffer from menses-associated health problems such as premenstrual symptoms, menstrual pain, and irregular menstrual cycles (Klein and Litt, 1981; Flug et al., 1984; Dawood, 1990; Münster et al., 1992; Johnson, 2004) . It has been reported that about 40% of women experience mild premenstrual symptoms and another 40% have premenstrual symptoms severe enough for them to seek medical assistance (Dell, 2004) . In a population-based survey, 79% of 18-year-old girls were found to experience menstrual pain, and 21% of 16-year-old girls had stayed at home due to menstrual pain (Teperi and Rimpelä, 1989) . With regard to irregular menstrual cycles, the majority of women reported at least one cycle classified as irregular, and about 37% reported both short and long cycles, indicating that a number of women experience irregular menstrual cycles (Williams, 2006) . Irregular menstrual cycles have enormous implications for women's health, as so many women suffer from this condition and serious health outcomes such as type 2 diabetes (Solomon et al., 2001) , cardiovascular disease (Solomon et al., 2002) , osteoporosis (Harlow and Ephross, 1995; Kaplan and Manuck, 2004) , and infertility (Rowland et al., 2002) have been found to be associated with the experience of irregular menstrual cycles. Irregular menstrual cycles may be linked to premenstrual symptoms and menstrual pain through the pathway of perturbations of hormonal profiles such as estrogen and progesterone (Harlow and Ephross, 1995) . In contrast, it has been suggested that the number of regular ovulatory menstrual cycles is associated with an increased risk of breast cancer for women (Henderson et al., 1985) .
The earlier literature suggested that lifestyle factors such as cigarette smoking, alcohol consumption, exercise, dietary habits, physical factors such as body mass index (BMI), and menstrual factors such as age at menarche and the duration of menstrual flow are associated with premenstrual symptoms, menstrual pain, and irregular menstrual cycles (Bernstein et al., 1987; Sundell et al., 1990; Harlow and Park, 1996; Montero et al., 1996; Balbi et al., 2000; Steiner and Born, 2000; Rowland et al., 2002) . At the same time, there is growing evidence of an association between psychosocial stress and menses-associated health problems in women (Woods et al., 1985; Beck et al., 1990; Harlow and Matanoski, 1991; Woods et al., 1998; Gordley et al., 2000; Kaplan and Manuck, 2004; Wang et al., 2004) , suggesting that stress may affect menstrual function. However, this issue remains controversial, and most earlier studies measured stress using a scale of perceived stress or life events (Siegel et al., 1979; Jordan and Meckler, 1982; Clarvit, 1988; Beck et al., 1990; Harlow and Matanoski, 1991; Woods et al., 1998; Fenster et al., 1999; Gordley et al., 2000; Wang et al. 2004) . Furthermore, the practicality of using a life change tool to measure stress has been questioned (Jordan and Meckler, 1982) , and there is uncertainty as to how to measure chronic psychosocial stress levels (Kaplan and Manuck, 2004; Campagne, 2006) . Previously, we developed an inventory to measure psychosocial stress (IMPS) that evaluates stress as the accumulation of somatic, psychological, and behavioral changes occurring in a person as a result of exposure to psychosocial stress. This inventory has been shown to be potentially capable of measuring psychosocial stress levels (Yamamoto et al., 2007; Yamamoto et al., 2008) . In an attempt to clarify the relationship between menses-associated health problems and psychosocial stress, a cross-sectional study was conducted among college students, in which stress levels were measured using IMPS. We hypothesized that psychosocial stress was independently associated with premenstrual symptoms, menstrual pain, and the experience of irregular menstrual cycles after controlling for the effects of likely confounding variables. The menstrual function is deemed to be one of the factors reflecting the functional potentiality of women that may be affected by stress. In this study, we attempted to determine whether changes in the functional potentiality of women as a result of stress are related with changes in their menstrual function by exploring the relationship between psychosocial stress and mensesassociated health problems.
Methods

Subjects and procedure
The study population consists of Japanese female students who attended classes organized by one of the authors (M. F.) at a private university in Fukuoka in October, 2007 . During the classes, they were invited to answer the questionnaire, which dealt with anthropometric data, lifestyle, menstrual history, and menstrual health status. A total of 264 students between 18 and 25 years of age volunteered to complete the questionnaire anonymously after receiving information on the purpose and aim of this study. Out of 264 students, 43 were excluded from the study owing to missing data, especially data concerning body weight, and the remaining 221 were analyzed. Body mass index was calculated as the subject's weight in kilograms divided by the square of her height in meters (kg/m 2 ).
Assessment of menstruation and menses-associated health problems
The menstrual cycle was defined as the period between the first day of menstrual flow and the day immediately prior to the next menstrual flow. Heavy menstrual flow was based on a self-rated assessment of the volume of bleeding during menses. Premenstrual symptoms were defined as a constellation of physical, emotional, and behavioral symptoms which occur premenstrually and remit after the onset of bleeding. Physical symptoms included abdominal pain, headache, nausea, skin disorders, abdominal bloating, painful breast, and swelling of extremities. Emotional symptoms included irritability, anger, depression, and tension. Behavioral symptoms included increased food intake, decreased food intake, hypersomnia, lethargy, and marked lack of energy. Students were asked the following questions: "Do you currently experience any discomfort before menses which remits after the onset of menses? If you do, what kinds of discomfort do you experience? Choose any symptoms you experience from the symptoms shown here."
Menstrual pain was defined as acute spasmodic pain (menstrual cramps), commonly experienced in the lower abdomen, which appears on the first day of menses and rarely lasts for more than 2 days. The experience of irregular menstrual cycles was defined as a past history of irregular menstrual cycles experienced by the students up to the time of the study. Such cycles included amenorrhea (menses occurring less often than every three months), long cycles (Ն39 days) for two consecutive periods or more, short cycles (Յ24 days) for two consecutive periods or more, and menstrual cycles too irregular to determine the cycle length. Students' psychosocial stress levels were measured using the IMPS as described earlier (Yamamoto et al., 2007) .
Statistical analysis
Unpaired t-tests were used to test for differences in the means of IMPS-measure stress scores between students who had premenstrual symptoms, menstrual pain, or the experience of irregular menstrual cycles and those who did not. The c 2 test was used to explore the linear relationship between premenstrual syndrome, menstrual pain, and the experience of irregular menstrual cycles and stress score or BMI.
To test the hypothesis of this study that psychosocial stress is associated with menses-associated health problems of students, regardless of confounding variables, relative risks and 95% confidence intervals for having premenstrual symptoms, menstrual pain, and the experience of irregular menstrual cycles were estimated using a logistic regression model. In the multivariate analyses, adjustments were made for covariates including age, age at menarche, BMI, alcohol consumption, smoking status, exercise, oral contraceptive use, the duration of menstrual flow, and heavy menstrual flow. Covariates were identified as potential confounders based on the literature. As the dependent variables such as premenstrual symptoms, menstrual pain, and the experience of irregular menstrual cycles were categorical, logistic regression was chosen for the multivariate analysis. In the analyses, all predictor variables were tested in one block, as the variables may be included or removed from the model on purely statistical grounds in the stepwise procedures. Given the fact that few students in our study consumed profuse amounts of alcohol and could be categorized as heavy drinkers, alcohol consumption was dichotomized into none to modicum drinkers who consume no alcohol or consume a small to moderate amount of alcohol 1-3 days per week, and moderate to substantial drinkers who consume a small to moderate amount of alcohol 4-7 days per week. Smoking status was assigned numeric values ranging from 0-3 as follows: never smokedϭ0; former smokerϭ1; current smoker of 1-19 cigarettes per dayϭ2; and current smoker of Ն20 cigarettes per dayϭ3. Habitual exercise was assigned numeric values ranging from 1-4 as follows: no days per week of physical activity engaged in for more than 30 minutes in addition to routine daily activitiesϭ1; 1 day of physical activity per weekϭ2; 2-3 days of physical activity per weekϭ3; and 4-7 days of physical activity per weekϭ4. p values of less than 0.05 were considered significant.
Results
Sample characteristics
Demographic and lifestyle data are summarized in Table 1 along with menstrual data. The mean age of a total of 221 female students was 19.4 years ranging from 18 to 25 years. The mean age at menarche was 12.2 years and the proportion of oral contraceptive users was 5.9%. A majority of students reported premenstrual symptoms and menstrual pain (79.2% and 79.2%, respectively). The proportion of students who had experienced irregular menstrual cycles was 62.9%. Whereas a majority of students reported a menstrual cycle length ranging from 25-38 days, 19% reported that they had no menses currently or that their menstrual cycles were too irregular to determine the cycle length. Approximately 98% of students reported a duration of menstrual flow within the 3-to 7-day range.
Stress score and menses-associated health problems
The students who reported having premenstrual symptoms, menstrual pain, or the experience of irregular menstrual cycles had higher stress scores than those who did not ( Table 2) . The results of logistic regression analyses with stress scores are shown in Table 3 . Stress score, heavy menstrual flow, and menstrual pain were significant predictors for premenstrual symptoms. Students who had higher stress scores or reported heavy menstrual flow or menstrual pain were more likely to have premenstrual symptoms. While age at menarche and having premenstrual symptoms were significant predictors for menstrual pain, stress score was not a significant predictor for * In some instances, the percentage total is either greater or less than 100% due to rounding. § Exercise includes physical activity beyond routine daily activities that is carried out for more than 30 minutes on any given day. menstrual pain in the multivariate analysis. Students whose menarche began at a younger age or who reported having premenstrual symptoms were more likely to have menstrual pain. Stress score and BMI were shown to be significant predictors for having experienced irregular menstrual cycles (Table 3) . Students who had higher stress scores or lower BMI were more likely to have experienced irregular menstrual cycles. Figure 1 shows the relationship between stress score and the proportion of students who had premenstrual symptoms (Fig. 1A) or the experience of irregular menstrual cycles (Fig. 1B) . The higher a student's stress score became, the more likely it was that the student had premenstrual symptoms (c 2 ϭ9.13, dfϭ1, pϭ0.003) or had experienced irregular menstrual cycles (c 2 ϭ5.69, dfϭ1, pϭ0.017). Figure  2 shows the relationship between BMI and the proportion of students who had experienced irregular menstrual cycles. Students were grouped into three categories of BMI: the lower 25th percentile, the middle 50th percentile and the higher 25th percentile of BMI. The lower the BMI, the higher the 132 Psychosocial Stress and Menstruation proportion of students who had experienced irregular menstrual cycles (c 2 ϭ9.79, dfϭ1, pϭ0.002).
Discussion
In the present study, we examined the relationship between menses-associated health problems of women such as premenstrual symptoms, menstrual pain, and irregular menstrual cycles and psychosocial stress among Japanese female college students. Stress levels were measured by means of the IMPS, and it was demonstrated that the IMPS-measured stress score was independently associated with premenstrual symptoms and the experience of irregular menstrual cycles. We also found that BMI was a significant predictor for experiencing irregular menstrual cycles. To the best of our knowledge, this is the first study that explicitly showed an association between psychosocial stress and menses-associated health problems in women, apart from earlier studies which measured stress using a scale of perceived stress or life events.
It has been shown that as many as 75% of women with regular menstrual cycles experience some symptoms before the onset of menses (Steiner and Born, 2000) . While a majority of women with premenstrual symptoms do not require medical interventions, the diagnosis of premenstrual syndrome may be given when premenstrual symptoms are moderate to severe enough to interfere with a woman's ability to function or when a woman with premenstrual symptoms seeks medical assistance (Woods et al., 1999; Johnson, 2004) . Our results show that psychosocial stress and menstrual pain are predictors for having premenstrual symptoms. However, precaution needs to be exercised when interpreting the association between stress score and premenstrual symptoms, as the IMPS and the questionnaire for self-reporting premenstrual symptoms share certain items, such as mood changes and somatic discomfort. In addition, premenstrual symptoms, which may be added burdens to women, have been suggested to be a source of distress, thereby leading to an increase in stress levels (Ramcharan et al., 1992) . Regardless of these facts, it has been shown that daily stressors or perceived stress appear to be associated with premenstrual symptoms and that stressreducing measures such as eliciting a relaxation response, aerobic exercise, and cognitive therapy are effective in alleviating premenstrual symptoms (Goodale et al., 1990; Steege and Blumenthal, 1993, Blake et al., 1998) . The current results seem to be consistent with these earlier findings.
An earlier study suggested that perceived stress was associated with painful menses (Wang et al., 2004) , while another study found a small association between life event and menstrual distress, thus calling into question the practicality of life-change tools as a scale to measure stress (Jordan and Meckler, 1982) . Although students who had menstrual pain had higher stress scores than those who did not have menstrual pain, stress score was found not to be associated with menstrual pain in the multivariate analysis in the current study. The present results obtained using the IMPS were not in agreement with earlier studies; however, it can be noted that menstrual pain is not such a nuisance as to lead to an increase in psychosocial stress level.
We found that age at menarche was a significant predictor for menstrual pain, i.e., the earlier the age at menarche of a student, the more likely she was to have menstrual pain. Our result is consistent with earlier observations of a significant association between age at menarche and dysmenorrhea (Sundell et al., 1990; Balbi et al., 2000) . Though a number of studies have suggested that lifestyle factors such as smoking, alcohol consumption, and exercise are related to the prevalence or severity of dysmenorrhea (Teperi and Rimpelä, 1989; Sundell et al., 1990; Harlow and Park, 1996) , our results concerning lifestyle such as smoking, alcohol consumption, and exercise obtained in the multivariate analysis seem not to support these findings. Most earlier studies which examined the relationship between lifestyle and menstrual pain did not take into account the stress factor, which may explain the discrepancy between the earlier studies and ours, as adverse health behaviors such as heavy alcohol use, smoking, and less exercise were found to be associated with distress (KiecoltGlaser et al., 2002) . A spurious association between lifestyle and menstrual pain may appear in the analysis without accounting for the stress factor.
Stress measured using a scale of perceived stress or life events has been associated with irregular menstrual cycles (Harlow and Metanoski, 1991; Gordley et al., 2000) , while other studies found little association between perceived stress levels or stressful work and menstrual dysfunction (Siegel et al., 1979; Clarvit, 1988; Fenster et al., 1999) . The present finding that IMPS-measured stress score was independently associated with the experience of irregular menstrual cycles seems to be in line with the findings that stress affects menstrual function, thereby leading to irregular menstrual cycles. Although the mechanism of how psychosocial stress affects menstrual function has not been clarified, it has been postulated that both the activation of the hypothalamicpituitary-adrenal (HPA) axis caused by psychosocial stress and the resultant inhibition of the hypothalamic-pituitary-gonadal (HPG) axis play a role in causing menstrual dysfunction along with corticotrophin-releasing hormone (CRH), vasopressin, and endogenous opioid peptides (Ferin, 1999; Nepomnaschy et al., 2007) . We also demonstrated that BMI was independently associated with the experience of irregular menstrual cycles, i.e., the leaner students were, the more likely they were to experience irregular menstrual cycles. In previous studies, BMI above or below the normal range has been associated with irregular menstrual cycles, suggesting that the relationship between BMI and menstrual cycles is not linear (Symons et al., 1997; Williams, 2006) . Our results did not show a J-shaped profile but rather a linear trend, since there were few obese students in our study population whose mean BMI was 20.2. As body fat is considered to be important for the maintenance of reproductive cycles (Symons et al., 1997) , the fact that a majority of Japanese students are lean may raise concern about their reproductive ability.
It has been suggested that irregular menstrual cycles may be a predictor of type 2 diabetes (Solomon et al., 2001 ), cardiovascular disease (Solomon et al., 2002) , reduced fecundity (Jensen et al., 1999) , and infertility (Rowland et al., 2002) , while the cumulative number of regular ovulatory cycles was found to be related to the risk of breast cancer (Henderson et al., 1985) . Thus, menstrual function has enormous implications for women's health. Psychosocial stress, which is independently associated with women's menstrual function, may be a factor responsible for the derangements of menstrual cycles, thereby predisposing women under psychosocial stress to long-term disease risks. In fact, it has been advocated that the fertilization treatment protocol include stress management and stress reduction as factors of major importance, since stress as a cause of infertility or as a consequence of it plays a role in lowering the success rate of fertility treatment (Campagne, 2006) . Taken together with these findings, our results lead us to the conclusion that more attention should be paid to regimens which may alleviate psychosocial stress in order to augment the well-being of female students and which will potentially contribute to reducing their future risks for diseases such as type 2 diabetes, cardiovascular disease, and infertility.
The current study has several limitations. First, as this study was based on a self-administered questionnaire, it is subject to bias. However, the fact that the proportions of students who had premenstrual symptoms or menstrual pain were similar to those in earlier reports indicates that the bias seems to be minimal. Second, this study was conducted in the rather restricted study population of students who attended the university classes organized by one of the authors; thus generalization of the current findings may be limited. Third, premenstrual symptoms, menstrual pain, and irregular menstrual cycles were evaluated based not on biomedical markers or hormone measurements but solely on students' self-reports of their subjective perception and recognition. However, since there is no biomedical marker for evaluating premenstrual symptoms or menstrual pain, the method of using a self-reported questionnaire is difficult to avoid. Lastly, as this study is cross-sectional and retrospective, it is not possible to distinguish between age trends associated with enrollment into the study and those that evolve as each subject ages, rendering it impossible to draw a causative conclusion. The fact that it is rather difficult to distinguish between premenstrual symptoms and stress-associated symptoms makes it difficult to draw a causal link between premenstrual symptoms and stress. It may be possible for us to speculate that psychosocial stress is in part responsible for irregular menstrual cycles, or that irregular menstrual cycles may be a causative factor for stress, or both. Further studies using a longitudinal study design should be implemented in order to determine the causative relationship between stress and premenstrual symptoms or irregular menstrual cycles.
In sum, we demonstrated that IMPS-measured stress score, heavy menstrual flow, and menstrual pain were significant predictors for premenstrual symptoms, while age at menarche and having premenstrual symptoms were significant predictors for menstrual pain. Both stress score and BMI were significant predictors for having experienced irregular menstrual cycles. The present results suggest that psychosocial stress is independently associated with premenstrual symptoms and irregular menstrual cycles among women of reproductive age, implying that changes in the functional potentiality of women resulting from stress are related with changes in their menstrual function. Measures that may lessen psychosocial stress levels should be implemented among college students in order to augment their menstrual well-being, thereby potentially preventing future illness from occurring.
